ABSTRACT. The specific correlation between CXCR4 expression and survival in non-small cell lung cancer (NSCLC) has been investigated independently; however, these have yielded inconsistent results. Therefore, we examined the exact relationship between CXCR4 expression and NSCLC in this meta-analysis. The bibliographic databases in English and Chinese were carefully searched and data regarding the prognostic value of CXCR4 and its association with pathological parameters of NSCLC were collected. Pooled odds ratios (OR) with 95% confidence interval (CI) were applied. A total of twelve studies (CXCR4 positive cases = 565, CXCR4 negative = 755; 2003-2013) that matched our predefined criteria were finally incorporated into our study. The pooled OR revealed that expression of CXCR4 in NSCLC patients was apparently correlated with lymphatic (2015) metastasis, distant metastasis, and TNM stages (lymphatic metastasis: OR = 1.91, 95%CI = 1.21-3.27, P = 0.018; distant metastasis: OR = 4.81, 95%CI = 1.69-13.66, P = 0.003; TNM stages: OR = 3.91, 95%CI = 1.22-12.55, P = 0.022). Positive expression of CXCR4 was also strongly correlated with a shorter overall survival (OS) rate in NSCLC patients (hazard ratio = 2.10, 95%CI = 1.21-2.99, P < 0.05). Further stratification by ethnicity indicated a negative association between CXCR4 expression and NSCLC development and prognosis in Asians NSCLC patients in all four models (P < 0.05). This indicated that elevated CXCR4 expression may be correlated with aggressive metastasis, advanced TNM stages, and shorter OS rate in NSCLC patients, suggesting a poor prognostic outcome of this disease.
ABSTRACT. The specific correlation between CXCR4 expression and survival in non-small cell lung cancer (NSCLC) has been investigated independently; however, these have yielded inconsistent results. Therefore, we examined the exact relationship between CXCR4 expression and NSCLC in this meta-analysis. The bibliographic databases in English and Chinese were carefully searched and data regarding the prognostic value of CXCR4 and its association with pathological parameters of NSCLC were collected. Pooled odds ratios (OR) with 95% confidence interval (CI) were applied. A total of twelve studies (CXCR4 positive cases = 565, CXCR4 negative = 755; [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] ) that matched our predefined criteria were finally incorporated into our study. The pooled OR revealed that expression of CXCR4 in NSCLC patients was apparently correlated with lymphatic
INTRODUCTION
Non-small-cell lung cancer (NSCLC) is medically regarded as the representative form of lung cancer that accounts for approximately 80 to 90% of all lung cancers; it remains the leading cause of cancer-related mortality worldwide (Cui et al., 2013; Zhu et al., 2013) . According to the criterion of histology, NSCLC can be further classified into several types, such as large cell carcinoma, adenocarcinoma, and squamous cell carcinoma; the two major histological subtypes of NSCLC are adenocarcinoma and squamous cell carcinoma (Tran, 2013; Ao et al., 2014 ). An estimated 30,000 new NSCLC cases are being diagnosed yearly in the United Kingdom (Meek et al., 2010) . Chiefly, because of the silent symptoms of NSCLC during its early stages, and tendency to metastasize during its latter stages, curative resection is only implemented in 25-30% of the patients diagnosed with NSCLC (Jafri et al., 2013; Remon et al., 2013) . Studies have also shown that the overall survival (OS) rate of NSCLC patients is extremely low at ~15%; the prognosis chiefly depends on the stages of NSCLC (Campbell et al., 2013; Lee et al., 2013) . Epidemiologically, tobacco smoking and secondhand smoke, air pollution, and exposure to severe radiation are all factors increasing the occurrence and severity of NSCLC (Sarchianaki et al., 2014) . So far, a myriad of studies have shown an abnormal expression of CXC chemokine receptor 4 (CXCR4) in patients with NSCLC; therefore, this is believed to be a possible biomarker for prognosis of NSCLC (Choi et al., 2014; Wang et al., 2014) .
CXCR4, a seven-transmembrane trimeric G-protein-coupled receptor, is the most common chemokine receptor expressed by tumor cells (Na et al., 2008) . Chemokines are critical contributors driving tumor cell invasion and metastasis, modulating the trafficking and extravasation of leukocytes, especially during the progression of inflammation, infection, and tissue damage (Choi et al., 2014) . Therefore, CXCR4 and its activation may be responsible for the migration and differentiation of tumor cell lines, and is therefore believed to be related to the advanced stage and poorer survival of human tumors (Otsuka et al., 2011) . Activated expression of CXCR4 plays a role in tumorigenicity, cell proliferation, angiogenesis, and metastasis in more than twenty types of cancers, including breast cancer, lung cancer, pancreatic cancer, and prostate cancer; recently, CXCR4 has been suggested to be a potential prognostic biomarker for these malignancies (Holland et al., 2013; Delongchamps et al., 2014; Deng et al., 2014) . Significantly, all NSCLC cell lines have been revealed to express CXCR4 on the cell surface. Additionally, patients diagnosed with NSCLC accompanied by clinical metastasis are believed to show a high level of CXCR4 mRNA expression in their tissue specimens, compared to the levels seen in tissues obtained from patients without metastasis. This suggested that the activation of CXCR4 increases metastasis-associated behavior, such as cell invasion and migration (Al Zobair et al., 2013) . Finally, we hypothesized that the correlation between abnormal expression of CXCR4 and the invasion and metastasis of human NSCLC cell lines might play a significant role in the progression and prognosis of NSCLC. A number of studies conducted over the past few decades have shown the close relationship between aberrant expression of CXCR4 and NSCLC prognosis; however, other investigators have presented different viewpoints (Lee et al., 2011; Al Zobair et al., 2013) . Therefore, the possible prognostic value of CXCR4 in patients with NSCLC was evaluated in this meta-analysis to confirm the potential role of CXCR4 in tumor invasion, metastasis, and prognosis.
MATERIAL AND METHODS

Data sources and key words
Published papers assessing the correlation between CXCR4 protein expression and NSCLC survival were obtained from computerized databases [Embase, China BioMedicine (CBM), China National Knowledge Infrastructure (CNKI), PubMed, and Web of Science; updated as of June 31, 2014] utilizing select common key words ("Carcinoma, Non-Small-Cell Lung", "non-small cell lung carcinomas", "non-small cell lung cancer", "non small cell lung cancer", "non-small-cell lung cancer", "non small cell lung carcinoma" or "NSCLC" and "Receptors, CXCR4", "CXCR4 protein, human", "CXCR4", "chemokine (C-X-C motif) receptor 4", "chemokine (C-X-C motif) receptor 4", "CXCR4 Receptor", "LESTR", "Fusin", "Leukocyte-Derived Seven-Transmembrane Domain Receptor", "Leukocyte-Derived Seven Transmembrane Domain Receptor", "CXC Chemokine Receptor 4", "CXCR4 Receptors", "C-X-C Chemokine Receptor type 4", or "CXCR-4"). The data collection was unlimited, and only articles published in English and Chinese were extracted for this analysis.
Study selection
For enrollment in this meta-analysis, the papers had to fulfill the following inclusion criteria: 1) publication focused on the relationship between CXCR4 protein expression and NSCLC prognosis; 2) patients with pathologically confirmed NSCLC (Xu and Lu, 2014) ; 3) data regarding the level of expression of the CXCR4 protein, OS status of NSCLC, and sample number must be supplied; 4) published studies with full text; and 5) the latest or completed studies included when the extracted studies were published by the same authors. Papers were excluded based on the following exclusion criteria: 1) papers that showed inconsistent opinions for the positive or negative expression of CXCR4 in the tissues of patients with NSCLC; 2) articles published in duplicate, or poor-quality articles, especially with respect to the methodological assessment; 3) studies that reported experiments on animals, or non-original articles, literature reviews, and reports.
Data extraction
Two investigators extracted information jointly from the retrieved papers to reduce the bias and enhance the credibility, and arrived at a consensus on all factors. When there were disagreements or differences in opinions, a discussion or reexamination was held with a third reviewer. The following relevant data were extracted from the eligible studies: surname of the first author, date of publication, regional distribution information (country/ethnicity), study design, sample size, age, gender, source of samples, and detection method for CXCR4 protein expression, expression level of CXCR4 protein in NSCLC patients, and OS evaluation. All authors approved the final determinant of studies to be enrolled.
Quality assessment
In order to quantitatively aggregate the OS results of NSCLC patients, the effects of CXCR4 protein expression on the survival situation were carefully measured using a checklist, including the Reporting Recommendations for Tumor Marker Prognostic Studies (REMARK; which analyzes 20 factors from the published prognostic studies of tumor markers, covering the relevant sections such as the introduction, methods, results, and discussion (REMARK). This recommendation is a useful tool that allows one to assemble the information required to judge the quality and relevance of the study, instead of a simple standard for quality assessment. The quality was assessed using the Newcastle-Ottawa Scale (NOS) criteria to decide whether the study in question is of high quality; this relied on three aspects: 1) subject selection: 0-4; 2) comparability of subject: 0-2; 3) clinical outcome: 0-3 (Stang, 2010) . The NOS criteria were scored from 0 (lowest) to 9 (highest); scores 0 to 6 indicated a low quality, while scores ranging from 7 to 9 were of high quality.
Statistical analysis
The obtained eligible information was quantitatively aggregated by applying the pooled odds ratios (OR) with 95% confidence interval (CI) to calculate the effect of each study, using the Z test. In order to supply quantitative evidence of all selected studies and minimize the variance of the summary OR with 95%CI, this statistical meta-analyses employed a randomeffect model (DerSimonian and Laird method) or a fixed-effect model (Mantel-Haenszel method) of independent studies, where data from enrolled studies could be combined. The random-effect model was applied when heterogeneity existed among the studies, while the fixed-effect model was employed when there was a fine homogeneity between the studies. Cochran's Q-statistic evaluated the heterogeneity across the involved studies (P < 0.05 was considered to be statistically significant); this was further measured by the I 2 test (0%, no heterogeneity; 100%, maximal heterogeneity), considering a low statistical power of the Cochran's Q-statistic (Peters et al., 2006; Jackson et al., 2012) . A subgroup meta-analyses by ethnicity was conducted to explore the potential heterogeneity sources and for a secondary verification of the overall results. A Funnel plot assessed the presence of publication bias that might affect the accuracy of the overall estimates, and the symmetry of the funnel plot was further evaluated by the Egger linear regression test (Zintzaras and Ioannidis, 2005) .
RESULTS
Studies included
Figure 1 displayed the steps in study selection. A total of 187 reports were initially retrieved by electronic database and manual search; only 86 papers were retained after the removal of duplicates (N = 1), letters, reviews, or meta-analyses (N = 23), non-human studies (N = 40), and studies unrelated to the research topic (N = 37). Furthermore, an additional 72 studies that were not case-control studies (N = 19) , not relevant to the CXCR4 protein (N = 17), or irrelevant to NSCLC (N = 36), were excluded. In the final selection step, 12 of 14 studies were extracted; the remaining 2 were excluded for not supplying enough information. Twelve full-text studies conformed to our selection criteria, and provided information on the correlation between CXCR4 protein expression and prognosis of NSCLC (Takanami, 2003; Spano et al., 2004; Su et al., 2005; Na et al., 2008; Suzuki et al., 2008; Reckamp et al., 2009; Wagner et al., 2009; Otsuka et al., 2011; Franco et al., 2012; Al Zobair et al., 2013; Wang et al., 2011 Wang et al., , 2014 . Demographic information, baseline characteristics, and methodological quality of the extracted studies are summarized in Tables 1  and 2 . Six studies were performed in Asians, and the remaining 6 studies were conducted in populations of Caucasian descent; the studies included analyzed a total of 1320 NSCLC patients (CXCR4 positive = 565, CXCR4 negative = 755). Protein expressions of CXCR4 in the cytoplasm were detected by streptavidin peroxidase (N = 4), EnVision (N = 2), Leica-Vision (N = 1), avidin biotin complex (N = 4), and alkaline phosphatase anti-alkaline phosphatase (N = 1). The quality scores of all studies included were higher than 6 (high quality). *In the absence of a significant difference in the response rate of both groups as determined using the χ 2 test (P > 0.05), one point was awarded. **Total score could range between 0-9 points.
Expression of the CXCR4 protein in NSCLC
Fixed-effect analyses were applied to pool the data in order to explore the relationship between CXCR4 protein expression and NSCLC prognosis, because of the lack of heterogeneity (I 2 = 34.3%, P = 0.179). As shown in Figure 2 , the pooled OR indicated that the expression of CXCR4 in NSCLC patients was correlated with lymphatic metastasis (OR = 1.91, 95%CI = 1.21-3.27, P = 0.018). We also observed an obvious negative correlation between CXCR4 expression and deteriorated distant metastasis in NSCLC patients, compared to those with no detectable expression of CXCR4 (OR = 4.81, 95%CI = 1.69-13.66, P = 0.003). Furthermore, CXCR4 expression indicated a higher TNM stage (OR = 3.91, 95%CI = 1.22-12.55, P = 0.022). Therefore, positive expression of CXCR4 was strongly correlated with a shorter OS rate in NSCLC patients, compared to the negative expression (HR = 2.10, 95%CI = 1.21-2.99, P = 0.000).
Further stratified analyses based on ethnicity demonstrated a negative relationship between CXCR4 expression and NSCLC development and prognosis among the Asian population under all four models (lymphatic metastasis: OR = 2.52, 95%CI = 1.51-4.23, P = 0.000; distant metastases: OR = 10.73, 95%CI: 4.14-27.83, P = 0.000; LNM stages: OR = 6.66, 95%CI = 2.80-15.81, P = 0.000; overall survival: HR = 2.32, 95%CI = 1.41-3.23, P = 0.000; respectively) ( Figure  3 ). However, this association was not seen in the Caucasian population (all P > 0.05). 
Publication bias
The graphical funnel plots of the ten studies analyzed by the OS model was symmetrical, and the Egger test failed to detect a publication bias (P = 0.006; Figure 4) . However, the shape of the funnel plots of the studies analyzed by the other three models provided a strong evidence of asymmetry, with the Egger test showing the presence of a publication bias (all P > 0.05). 
DISCUSSION
The potential relationship between CXCR4 and NSCLC prognosis has been widely investigated; additionally, the significant role of CXCR4 in the proliferation and metastasis of various human tumors has also been demonstrated (Sun et al., 2010; Liang et al., 2014) . In this meta-analysis, we attempted to explore the association between the levels of CXCR4 expression and the clinicopathological features and prognosis of NSCLC. Our analyses revealed that an elevation in the expression level of CXCR4 was potentially correlated with deteriorated pathological characteristics and poor survival rate of NSCLC patients.
Lung cancer, particularly NSCLC, is the leading cause of cancer-related mortality worldwide, with less than 15% of the patients surviving beyond 5 years after diagnosis or treatment (Al Zobair et al., 2013) . Therefore, the identification of molecular biomarkers involved in early tumorigenesis or metastasis/prognosis of NSCLC may be helpful for the development of new targeted therapies (Lang et al., 2014; Miller et al., 2014) . Among these biomarkers, CXCR4, which is functionally expressed on the cell surface of a number of cancer cells including NSCLC, may prove beneficial for the prediction of prognosis in NSCLC (Wang et al., 2011; Delongchamps et al., 2014) . In addition, CXCR4 is not expressed on the cell surface of normal lung tissues (Spano et al., 2004) . As demonstrated previously, CXCR4 plays a critical role in tumor cell proliferation and migration, and may also promote lymph node metastasis in several solid human tumors, including NSCLC (Pan et al., 2012; Choi et al., 2014) . This supports the notion that the level of expression of CXCR4 on tumor cells may function as a crucial biomarker indicating the propensity of tumor cells to metastasize (Ok et al., 2012) . In addition, CXCR4 may affect the transition of a tumor from a nonmetastatic to a malignant phenotype (Holland et al., 2006) . Our meta-analysis indicated an increased level of CXCR4 expression in NSCLC cell lines, suggesting that the elevated concentration of CXCR4 might promote the invasion and metastasis of these tumor cells, and the transition of NSCLC from non-metastatic to its malignant type, thereby resulting in deterioration of NSCLC cells and leading to an advanced stage of this cancer. These might result in a significantly shorter OS rate and high incidence of cancer-related death. Consistent with our findings, Al Zobair et al. (2013) reported that the inhibition of CXCR4 expression in NSCLC patients may be an effective treatment strategy for this disease. Wang et al. (2011) reported that the expression levels of CXCR4 were independent prognostic factors affecting the OS of NSCLC patients, suggesting that CXCR4 expression may be a critical factor affecting NSCLC progression and angiogenesis. Xie et al. (2014) also supported the speculation that increased CXCR4 expression was a predictive factor for deteriorating prognosis of NSCLC patients, and that specific down-regulation of CXCR4 inhibited tumor cell growth, invasiveness, and migration.
Meanwhile, many other factors may influence the outcome of increased CXCR4 expression in patients diagnosed with NSCLC; therefore, a stratified analysis based on ethnicity was performed. This stratified analysis showed that CXCR4 expression was negatively correlated with the deterioration in pathological features and poor prognosis of Asian NSCLC patients. However, no such observation was made in the Caucasian population. One possible explanation of this phenomenon may be that the differences in ethnic background, life-style, or environment may affect the overall estimation.
Our study has several limitations that might weaken its validity. Firstly, some of the included studies have a relatively low sample size, which would adversely influence the statistical power of the study (to detect the differences between CXCR4-positive and -negative groups). Secondly, the age information was not available for 5 of the studies included (Takanami, 2003; Suzuki et al., 2008; Otsuka et al., 2011; Wang et al., 2011; Al Zobair et al., 2013) ; among these studies, two also did not present any gender information (Takanami, 2003; Suzuki et al., 2008) . The method of detection of CXCR4 expression differed among the various studies; these may be possible sources of heterogeneity. Thirdly, there was an obvious publication biases in the most detected models; therefore, the results of this analysis should be accepted with caution. Finally, we only focused on positive or negative expression of CXCR4; that is, there is no consistent definition regarding the cut-off values of CXCR4 expression (high or low) at present.
In conclusion, our findings revealed that increased expression of CXCR4 may be significantly correlated with aggressive metastasis, advanced TNM stages, and shorter OS rate in NSCLC patients, suggesting a poor prognostic outcome of this disease. Further studies evaluating the biological significance of CXCR4 expression in the prognosis management of NSCLC patients are recommended, based on the above-mentioned limitations.
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